Objectives: The purpose of this study was to assess the effects of quadriceps and anterior tibial muscles electrical stimulation on the feet and ankles of patients with spinal cord injuries and to compare them with able-bodied individuals and a group of patients who did not undergo neuromuscular electrical stimulation (NMES). Setting: This study was conducted at the Hospital das Clínicas of Unicamp, Campinas, São Paulo, Brazil. Methods: Between January and April 2008, 30 patients at the spinal cord injury ambulatory clinic who underwent NMES (group A) were submitted to a clinical and radiographic assessment of their feet and ankles and compared with a spinal cord injury group (group B) who did not undergo NMES and a group of able-bodied individuals (group C). The Kruskal-Wallis test was used to compare all the three groups, and between-group differences (Po0.05) were investigated with the Mann-Whitney test. Results: The mean mobility of the midfoot and ankle subtalar joint was significantly higher in group C than in groups A and B. Differences in the mean measurements of the profiles of the talocalcaneal and the talus-first metatarsal angles were statistically significant for group A vs the other groups (P ¼ 0.0020, 0.0024, respectively). Foot deformities were found in groups including claw toes and flat feet (group A) and grade I ulcers on the lateral malleolus and calcaneus (group B). Conclusion: Partial-load NMES maintains the feet and ankles in a planted and adequate walking position in patients with spinal cord injuries, a favorable result of new technologies that allows these patients to reacquire independent walking capacity.
Introduction
Annually, about 11 000 new cases of spinal cord injury occur in the US population, 1 of which automobile accidents are the most common cause (50%), 1, 2 and the majority of victims are young (20-40 years). Spinal cord injuries are classified according to the degree of neurological compromise, which is defined by the sensory and motor evaluation in accordance with the American Spinal Injury Association. 3 Spasticity, contractures and osteoporosis appear because of neurological lesions and disuse, increasing the risk for deformities, especially of the feet, and making it difficult for the patient to recover a walking condition.
A strategy to diminish these spinal cord injury complications is neuromuscular electrical stimulation (NMES) associated with a partial body weight support system. 4 Such a system allows individuals to maintain an orthostatic position and to be able to move, which diminishes contractures, spasticity, osteoporosis and lower limb deformities. The patient's energy efficiency also improves, facilitating a patient's ability to perform daily activities. 5 Few studies have described how the feet and ankles of patients with spinal cord injuries behave when subjected to NMES. The aim of this study was to assess the effects of NMES on the feet and ankles of patients with spinal cord injuries and compare them with able-bodied individuals and groups of injured patients who did not undergo NMES.
Materials and methods
From January to April 2008, 30 patients at the spinal cord injury ambulatory clinic at the Hospital das Clínicas da Unicamp (group A) were submitted to a clinical and radiographic assessment of their feet and ankles and compared with a spinal cord injury group that did not undergo NMES (group B) and with a group of able-bodied individuals (group C). The epidemiological characteristics of groups A and B are shown in Tables 1 and 2, respectively. Group A included complete spinal cord injury patients with intact inferior motor neurons, an absence of cardiopulmonary diseases, absence of a history of foot and ankle fractures and a minimum 1-year follow-up in the rehabilitation program. Patients with incomplete spinal cord injury and patients with previous clinical and orthopedic pathologies were excluded from this study.
The group A treatment consisted of maintaining the individual in the erect position with a walker (paraplegics) or a support and suspension equipment (tetraplegics) to allow free hip and knee movement. The feet and ankles were protected in a neutral position with the aid of a rigid orthosis. The quadriceps and anterior tibial muscles were stimulated for walking with a four-channel electrical stimulator, which emits a 25 Hz signal with monophasic The clinical assessment of feet and ankle involved documentation of alignment and possible deformities and callosities, joint mobility, detection of posterior tibial and pedis pulses, skin conditions, ulcers, mycosis and onychocryptosis.
Joint mobility of the ankle, subtalar region, and midfoot and the radiographic assessment were evaluated by a physiotherapist and an orthopedist specializing in foot and ankle surgery. The results corresponded to the mean of six measurements carried out by two professionals. A manual goniometer was used to measure mobility following the American Orthopaedic Foot and Ankle Society criteria. 6 Standard radiographs were used for the radiographic assessment, with dorsoplantar and profile incidences of support. We measured the hallux-valgus angle, intermetatarsal angle, talocalcaneal angle, calcaneal-ground angle, talus-first metatarsal angle, and the tibial-calcaneal angle with a manual goniometer, based on Smith's criteria 7 ( Figures 1 and 2) .
The results of the clinical and radiographic assessment of the feet and ankles of group A were compared with those of groups B and C using the same measurement criteria established for group A.
Group A consisted of 30 patients with spinal cord injury, who underwent NMES as a rehabilitation method; 24 patients were men and 6 were women, and the mean age was 34.6 years (range, 10-64 years). In all, 21 patients were paraplegic and 9 were tetraplegic; causes included automobile accident (12) , run over (3), diving (4), bicycle accident (1), motorcycle accident (3), gunshot wound (6), thoracic tuberculosis (1) and lumbar surgery (1). The mean lesion time was 8.2 years (range, 1-15 years), with a mean NMES rehabilitation time of 3.4 years (range, 1-13 years).
Group B consisted of 10 patients with spinal cord injuries, who did not undergo NMES as a rehabilitation method. This group consisted of nine men and one woman, and the mean age of 30 years (range, 20-59 years). Four patients were paraplegic and six were tetraplegic; four had suffered a motorcycle accident, two a diving accident, one a bicycle accident, one a motorcycle accident and two were wounded by gunshot. The mean lesion time was 3.8 years (range, 1-11 years). Group C consisted of 11 able-bodied patients (without spinal cord injury), 5 men and 6 women, with a mean age of 29.5 years (range, 18-40 years).
The three groups were compared using the Kruskal-Wallis test. In cases in which a significant difference was found (Po0.05), the between-group comparisons were investigated using the Mann-Whitney test.
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research. 
Results
The mean joint mobility in the subtalar mobility comparison was 23.41 in group A, 13.51 in group B and 28.91 in group C. Significant differences were found between groups A and B, and between groups B and C (P ¼ 0.0092 and 0.0034, respectively). In the midfoot joint, mean mobility was 22.51 in group A, 15.31 in group B and 24.11 in group C. Significant differences were found between groups A and B, and between groups B and C when midfoot mobility was compared (P ¼ 0.0184 and 0.0022, respectively). The mean ankle joint mobility was 41.41 in group A, 34.31 in group B and 63.61 in group C. Significant differences were found when this mobility was compared between groups A and C, and between groups B and C (P ¼ 0.0009 and 0.0008, respectively; Table 3 ).
The mean hallux-valgus angle was 17.51 for group A, 14.81 for group B and 15.61 for group C. The mean intermetatarsal angle was 9.11 for group A, 8.11 for group B and 10.11 for group C. The mean talocalcaneal angle in the anteriorposterior position was 23.51 for group A, 18.91 for group B and 241 for group C. The mean calcaneal-ground angle was 251 for group A, 25.31 for group B and 26.81 for group C. The lateral talocalcaneal angle showed the following means: 44.71 for group A, 36.81 for group B and 31.11 for group C. Significant differences were found when this angle was compared between groups A and C, and between groups B and C (P ¼ 0.0184 and 0.0040, respectively; Table 3 ).
The mean talus-first metatarsal angle was 13.81 for group A, 19.31 for group B and 4.01 for group C. Significant differences were found when this angle was compared between groups A and C, and between groups B and C (P ¼ 0.0089 and 0.0075, respectively; Table 3 ).
The mean tibial-calcaneal angle was 811 in group A, 80.61 in group C and 81.81 in group C. Deformities in group A included claw toes and flat feet, whereas those in group B were grade I ulcers on the lateral malleolus and calcaneus (Table 3) .
Discussion
The group A and B populations were predominantly young (mean age, 34 and 30 years, respectively) and the lesions resulted from traffic accidents, which agreed with Levi et al. 8 In accordance with the Spinal Cord Injury Data Center criteria, the group A (claw toes and flat feet) and group B (grade I ulcer 9,10 on the lateral malleolus and calcaneus) foot deformities suggested that adequate shoes are needed to avoid future lesions when patients with spinal cord injury are submitted to partial load training. The absence of ulcers, mycosis and onychocryptosis may have been due to the high level of education of the studied population, which is highly interested on a different treatment. These people are part of an unusual group of Brazilian spinal cord injury patients because they have a better access to this kind of treatment.
With regard to the mobility of subtalar joints, the mean midfoot and ankle joint results for group A and B patients were lower than the values found in able-bodied individuals (group C). The mobility in group A (NMES) was higher than that in group B (no NMES). This diminished mobility occurred mainly because of disuse, rigidity and shortening of the muscle and capsular tissues, causing loss of sarcomeres and muscle fibers.
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Radiographic assessments for groups A and C showed normal mean hallux-valgus angles, intermetatarsal angles, talocalcaneal angles in the anterior-posterior position, calcaneal-ground angles and tibial-calcaneal angles. The talocalcaneal angle and the talus-first metatarsal angle, in profile position, in both groups A and B showed a significant increase in mean angular values compared with the pattern of a able-bodied individual (group C). These angular alterations suggest that in a support position and without axial load, the feet assume a supinated position, but this position was not evident clinically.
The radiographic alterations and diminished mobility observed in group A were statistically significant when compared with able-bodied patients (group C), but group A did not show clinical repercussions in the feet, which remained planted and in an adequate position for walking with a load, suggesting that treatment with electrical stimulation and partial load maintains the feet and ankles in an adequate walking position in patients with spinal cord injuries, which is a favorable aspect of the new technologies allowing these patients to reacquire their independent walking capacity. The clinical and radiographic assessment of group B patients, when compared with group C, suggested that the group B patients' feet were more rigid than those in group A patients. The clinical and radiographic assessment of group B patients, when compared with group C, suggested that the group B patients' feet were more rigid than those in group A patients. This rigidity must be considered because group A patients realize NMES, which can lead to a better mobility. Some limitations of this study must be considered. The angular and mobility measurements were carried out by two independent examiners according to a manual method. Each examiner conducted three measurements, and the mean was obtained by combining the repeated measurements for each radiographic angulation and each mobility value. This method was used because of the lack of a digital goniometer. 12 No studies were found in the literature regarding the foot and ankle patterns of patients with spinal cord injuries. The absence of such research suggests that more studies are needed to define standards and to compare different treatments for this group of patients attempting to regain walking.
It is possible to conclude that the partial-load NMES maintained the feet and ankles of patients with spinal cord injuries in an adequate walking position. This finding indicates a favorable aspect of new technologies that may allow these patients to regain independent walking capacity.
